in which 5 represents a single-valued function of the state of the body, and dS the differential of this function. For then, according to (34), the right-hand side of (3S7) always reduces to zero as soon as a cycle is described in which the final condition 2 of the substance is identical with the initial condition i. This function 5 of the state of a body or of a system of bodies is called the entropy of the body.
The energy E is also a function of the state of the body. It is defined by means of the assertion of the first law of thermodynamics, that in any change of the body the work 6A done by the body plus the heat <5W given up (measured in mechanical units) is equal to the decrease — dE in the energy of the body, i.e. it is defined by the equation
(36)
io. General Equations of Thermodynamics. — It is convenient to choose as the independent variables which determine the state of a body or of a system, the absolute temperature $ and some other variables x, whose meaning will for the present be left undetermined, x will be so chosen that when the temperature changes in such a way that x remains constant, no work is done by the body. Then, since A does not change when x remains constant, the following relations hold:
$A = Mdx,    dW=. Xdx + Yd$.     .    .    (37)
Sx and <M) represent any changes in x and 0; 8 A and 6W, the corresponding work clone and heat given up by the body. The process will be assumed to be reversible, i.e. the equations (37) wiU be assumed to hold for either sign of 8x and #8. Now from (35), (36), (37),
X          Y
- dS = -jr-cLr + -£-<?«,     - dE = (M + X)dx + Yd®.   (38)
Since in generalng
